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Abstract 

In long-lived social mammals such as primates, individuals can benefit from social bonds with close kin, including 
their mothers. In the patrilocal chimpanzee (Pan troglodytes spp.) and bonobo (Pan paniscus), sexually mature 
males reside and reproduce in their natal groups and can retain post-dependency bonds with their mothers, while 
immatures of both sexes might also have their paternal grandmothers available. However, quantitative information on 
the proportion of males and immatures that co-reside with both types of these close female relatives is limited for 
both species. Combining genetic parentage determination and group composition data from five communities of wild 
chimpanzees and three communities of wild bonobos, we estimated the frequency of co-residence between (1) 
mature males and their mothers, and (2) immature males and females and their paternal grandmothers. We found 
that adult males resided twice as frequently with their mothers in bonobos than in chimpanzees, and that immature 
bonobos were three times more likely to possess a living paternal grandmother than were immature chimpanzees. 
Patterns of female and male survivorship from studbook records of captive individuals of both species suggest that 
mature bonobo females survive longer than their chimpanzee counterparts, possibly contributing to the differences 
observed in mother-son and grandmother-immature co-residency levels. Taking into account reports of bonobo 
mothers supporting their sons' mating efforts and females sharing food with immatures other than their own offspring, 
our findings suggest that life history traits may facilitate maternal and grandmaternal support more in bonobos than in 
chimpanzees. 
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Introduction 

Sociality and the maintenance of strong social bonds affect 
individual fitness in group-living mammals by enhancing 
chances for reproduction or by increasing individual or offspring 
survival [1-3]. Such bonds can preferentially form between 
relatives, driven by potential inclusive fitness gains for one or 
both individuals [4]. 

Long lifespans and overlapping generations in primates have 
the potential to provide individuals of group living species with 
access to a variety of kin [5]. Given the high degree of 
relatedness between mother and offspring, it is particularly 
valuable for mature offspring to maintain post-dependency 
bonds and receive support from their mothers. In some 



matrilocal societies such as baboons, for instance, social 
bonds between mothers and adult daughters are particularly 
strong and stable [6]. In addition, even grandoffspring might 
benefit from socialization, physical support and food provided 
by their grandmothers, resulting in higher infant survival or 
mother fertility in some human societies (reviewed in 7-9) and 
some non-human primates like Japanese macaques [10]. 
However, the availability of close kin like mothers and 
grandmothers varies dramatically across [5] and also within 
primate species [11]. Dispersal is recognized as a main 
determinant of patterns of kin co-residence [12]. In closely 
related species with similar dispersal patterns, however, adult 
survival is one of the key parameters of a species' life history 
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[13] and therefore might contribute to fine-scale variation in kin 
availability [14]. 

As in many human societies, chimpanzee (Pan troglodytes 
spp.) and bonobo (Pan paniscus) females tend to leave their 
natal social group before reproduction [15-17]. In contrast, 
males are philopatric and reside with a limited number of same 
sex kin and potentially with their mothers [18-21]. Adolescent 
and adult males of both species may maintain close spatial 
associations and strong social bonds with their mothers, who 
may support their sons in agonistic interactions with other 
males [22-26], or influence their son's ranging pattern within 
the group's territory [27]. In addition, observations of wild 
bonobos suggest that males benefit from maternal support in 
the context of male mate competition [25,28]. As males 
compete for reproductive opportunities with varying degrees of 
success in both species (e.g. 20,29), a mother's presence 
might have the potential to increase a son's (and therefore her 
own) fitness. 

In free-ranging populations, Pan females first give birth at 
around the age of 13-14 years [22,30,31]. Male chimpanzees 
may start to reproduce at 10 years of age [29], while for 
bonobos this information is not yet available but is expected to 
be comparable. Given that wild chimpanzees as well as captive 
bonobos and chimpanzees can live into their 50s (although 
average life-expectancy might be substantially lower, [32-34]), 
the overlap between a mother and a son's reproductive period 
may be substantial and a high proportion of males might co- 
reside with their mothers in both species. Information on the 
availability of mothers to mature sons is, however, limited to 
anecdotal reports of individual mother-son chimpanzee pairs 
[22,24]. Interestingly, data from several social groups of 
bonobos indicate that a large proportion of mature males co- 
reside with their mother [20,28,35]. This hints at possible 
differences in the availability of mothers to mature sons, and 
consequently of paternal grandmothers to immatures, which 
ultimately might have an impact on the overall role of maternal 
and grandmaternal support in both species. 

In the present study we combine genetic parentage analysis 
and demographic information from multiple wild groups of 
bonobos and chimpanzees to estimate the frequency of 
sexually mature males co-residing with their mother and the 
frequency of co-residency of male as well as female immatures 
with their paternal grandmother. We hypothesize that patterns 
of co-residency differ between the two species, with mature 
males and immatures of both sexes being more likely to have a 
mother or grandmother in the group, respectively, in bonobos 
than in chimpanzees. We then test whether the observed 
differences in co-residency levels may be due to differences in 
life-history patterns by analyzing patterns of adult female and 
male survivorship from studbook records of captive animals. 
We used captive data because, although some survivorship 
data are available from multiple wild chimpanzee populations 
[32,36,37], comparable data are not available from the less 
studied bonobo. Our findings suggest the evolution of 
systematic differences in life history traits and co-residence 
patterns in the two Pan species. 



Table 1. Number of adult males, adolescent males and 
immatures of both sexes analyzed in bonobo and 
chimpanzee social groups and years examined. 



Number of individuals used in the Years 
Species Social groupanalysis analyzed 







Adult 


Adolescent 










male* 


male* 


Immature* 




Bonobo 


LuiKotale 


5 


4 


5(12) 


2008 




Lomako 


6 


2 


7(13) 


1991-1996 




Wamba 


7 


1 




1990-1991 


Chimpanzee 


Gombe 


11 


3 




2001-2004 




Kanyawara 


9 


3 


9(17) 


2006-2008 




Ngogo 


42 


28 


72 (94) 


2004-2010 




Middle 


3 




4(4) 


1999-2001 




South 


6 


9 


29 (39) 


2000, 2003- 
2007 



*AII individuals present were analyzed. **Only immatures for which the sire's 
identity was known could be analyzed. The total number of immatures present 
during the study periods is given in brackets, 
doi: 10.1371/journal.pone.0083870.t001 



Methods 

Ethics statement 

Permits to conduct research at TaT National Park, Cote 
d'lvoire, and Salonga National Park, Democratic Republic of 
Congo were granted by the Ministere de la Recherches 
Scientifiques and the Ministere de I'Environnement et des Eaux 
et Forets in Abidjan, Cote d'lvoire, and the Institut Congolais 
pour la Conservation de la Nature in Kinshasa, Democratic 
Republic of Congo. Fecal samples from bonobos (P. paniscus) 
and West African chimpanzees (P. t. verus) used in this study 
were collected non-invasively. 

Study sites and subjects 

We analyzed group composition of free-living social groups 
of bonobos (N=3) and chimpanzees (N=5; Table 1), in which 
individuals are known through long-term field investigations. 
Bonobo demographic data stem from the Wamba E1 social 
group in Luo Scientific Reserve ([16], data source: [38]), the 
Eyengo social group in the Lomako Forest ([39], data source: 
[20]) and the Bompusa social group at LuiKotale in Salonga 
National Park ([40], data source: present study), all within the 
Democratic Republic of Congo. Information on West African 
chimpanzees comes from the Middle and South group in TaT 
National Park, Cote d'lvoire ([22], data source: [22], present 
study), data on East African chimpanzees (P t schweinfurthii) 
from Ngogo [19] and Kanyawara [41] in Kibale National Park, 
Uganda (data source: K. Langergraber, unpublished data; R. 
Wrangham, M. Muller, personal communication), and from the 
Kasakela social group at Gombe National Park, Tanzania ([42], 
data source: A. Pusey and I. Gilby, personal communication). 

We included only years for which the identity and age class 
of all permanent residents of the social groups were known and 
we could also determine or had access to information on the 
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presence of all adolescent or adult males' mothers (see below). 
For the Tai chimpanzees only years for which all individuals 
could be genotyped and mother-son relationships confirmed or 
ascertained were used. We did not consider the TaT North 
group because by the time all members of the group were 
genetically characterized it had already severely declined in 
size as a result of disease and poaching [43]. Individuals were 
characterized by age classes because absolute ages were not 
available for individuals from all study sites, and ages of adult 
individuals were often estimated based on morphological 
criteria and include some error. For defining the age classes 
we applied the previously used criteria [22] for all bonobos and 
chimpanzees with known age estimates. Individuals were 
classified as follows: infant (0 - <5 years, both sexes), juvenile 
(5 - <10 years, both sexes), adolescent (10 - <13 year for 
females, 10 - <15 years for males); adult (13 years and up for 
females, 15 years and up for males). 

Genotyping and parentage assignment 

We conducted parentage analyses for infant and juvenile 
individuals, and maternity assignment for adolescent and adult 
males for the LuiKotale bonobos and TaT chimpanzees using 
microsatellite genotype data. For this purpose, we non- 
invasive^ collected fecal samples from identified individuals of 
the LuiKotale bonobo group using the two-step ethanol-silica 
method [44]. Fecal sample collection from known individuals of 
four chimpanzee communities began in 1999 at the Tai study 
site, and those samples were either dried directly on silica gel, 
or collected using the two-step ethanol-silica method. All 
samples were extracted with the QIAamp DNA Stool kit 
(QIAGEN) with slight modifications [44], and DNA 
concentrations were estimated using a quantitative PCR assay 
[45]. 

We genotyped DNA extracts at 19 autosomal loci using a 
two-step amplification method described previously [46]. In 
brief, we combined all autosomal primer pairs [46] with 
template DNA in an initial multiplex PCR reaction, then used 
dilutions of the resultant PCR products for amplification of each 
individual locus using fluorescently labeled forward primers and 
nested reverse primers in singleplex PCR reactions. At least 
three replicates were required to confirm homozygous 
genotypes with high confidence (> 99%, [46]). We accepted 
heterozygous autosomal genotypes after we observed each 
allele in at least two independent PCR reactions. To guard 
against sample mix-up in the field or laboratory, we either 
compared individuals' genotypes with the genotypes of 
individuals who were suspected from behavioral observations 
to be their mothers or offspring and confirmed that they shared 
an allele at each locus, or in cases where no suspected first- 
order maternal relative was available, genotyped the individual 
from two independently collected fecal samples. In total, we 
generated autosomal genotypes for 36 bonobos (97.4% 
complete) and 86 chimpanzees (87.6% complete). All South 
and Middle group Tai chimpanzees present during the years 
under investigation were thus successfully genotyped 
previously [29,47] or in the present study. Of the 33 individuals 
present in the LuiKotale bonobo group, 3 individuals (1 



nulliparous adolescent female and 2 juveniles) could not be 
genotyped because no fecal samples were obtainable. 

Parentage was assessed separately for chimpanzees and 
bonobos. We used both the exclusion method in which 
candidate parents are excluded by not sharing an allele at 
every locus with the offspring, and the likelihood approach 
implemented in CERVUS 3.0 [48]. Candidate fathers and 
mothers represented all males that were at least juvenile (5 
years), and all females that were at least adolescent (10 years) 
at the last year of the study periods (2007 in Tai' chimpanzees, 
2008 in LuiKotale bonobos). We allowed for one mismatch 
between mother and father and the offspring to include the 
possibility that a mutation between parent and offspring had 
occurred (Table S1). We simulated genotypes for all candidate 
mothers (17 and 32 in bonobos and chimpanzees, 
respectively), all candidate fathers (13 and 36 in bonobos and 
chimpanzees, respectively) and 100,000 offspring using the 
allele frequencies from our data set. We assumed a 50% and 
40% chance that candidate mothers and fathers were sampled, 
respectively, in the assignment simulation. Under these 
settings, the ratio of observed to expected assignments was 
similar. The proportion of genotyped loci was set to 90% 
(approximately matching the empirical data, see results 
section) and we assumed a 1% genotyping error rate. We used 
99% as the strict and 95% as the relaxed confidence limits. 
Parentage analysis using all candidate fathers and mothers 
and all individuals as potential offspring were then carried out. 
We used a CERVUS parent-pair analysis to look for the 
presence of parent pairs for all individuals who were infants or 
juveniles at some point during the study period, and for only 
mothers for all males who were adolescent or adult during the 
entire study period. 

Parentage data for the remaining study groups were taken 
from ([20], Lomako Eyengo), ([38], Wamba E1) [18,27], as well 
as unpublished work (Langergraber, Kanyawara; 67% of all 
offspring genotyped). The published data set for the Wamba 
E1 group only detailed matrilineal relationships among 
adolescent and adult males and females, based on 
observations of maternal behavior when the respective male 
was infant or juvenile combined with mitochondrial DNA 
sequence information. Similarly, the mother was determined for 
all males through behavioral observation of carrying and 
nursing the male during infancy or juvenility for the Gombe 
group (A. Pusey and I. Gilby, personal communication), and 
confirmed through genetic parentage analysis for some 
individuals [49]. Those two groups were not included in all 
analyses requiring genetic paternity determination. 

Quantifying the presence of mothers and grandmothers 

All statistical analyses were implemented in R version 2.15.0 
[50]. Because adolescent males (10-15 years) have been 
observed to participate in male dominance interactions and 
because they may sire offspring [28,29,49,51], we estimated 
the probability of adult (P adu i t ) as well as adolescent male (P ado[ ) 
co-residency with their mothers. Co-residency was defined as 
the simultaneous presence of a pair of individuals (mother-son; 
grandmother-grandoffspring) in a social group at a given point 
in time. For years for which the presence or absence of the 
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mother was known for all males (Table 1), we calculated P adU | t 
and P ado , as: Years co-residing with mother in respective age 
class (adult, adolescent) / Total years in respective age class 
(adult, adolescent). For each species, we then averaged P adu , t 
and P ad0 , over all adult or adolescent males, respectively. For 
each social group we averaged P adu „ and P add over all adult or 
adolescent males from the respective social group. We report 
the number of adult and adolescent males used in total for 
each species and social group in Table 1 . 

The probabilities for immatures (infants and juveniles) to co- 
reside with their paternal grandmother (P immat ) and the numbers 
of immatures used in the analyses per species and per social 
group (Table 1) were calculated in a similar way. The data set 
was restricted to immatures for which a father was determined. 
This was necessary because if the identity of the father was not 
known (in cases of extra-group paternities or when not all 
potential fathers present at the time of conception were 
sampled), we had no means to infer paternal grandmaternal 
relationships. We did not investigate the presence of maternal 
grandmothers because we were only interested in potential 
effects of mothers on the reproductive success of their sons 
and the benefits paternal grandmothers might provide towards 
their son's offspring. Also, most females of both species 
disperse from their natal group upon adolescence [15,16]; thus, 
individuals rarely reside in the same social group as their 
maternal grandmother. 

We used Kruskal-Wallis H-tests and Mann-Whitney U-tests 
to examine differences in the proportion of adult and 
adolescent males having a mother or immatures having a 
paternal grandmother, between i) social groups within species 
and ii) between species. Mann-Whitney U-tests were exact 
throughout [6] and conducted using the function wilcox. exact of 
the R-package exactRankTests [52]. 

The TaT communities [9] as well as Gombe [53] have 
undergone episodes of disease outbreaks, which might have 
influenced group demography and potentially the outcome of 
comparisons between species. To examine this possibility, we 
re-ran all analyses excluding TaT Middle, TaT South and 
Gombe. 

Correlation between group size and the presence of 
mothers or grandmothers 

The total number of individuals may affect quantitative 
patterns of relatedness within social groups, where, on 
average, higher proportions of related individuals might reside 
in smaller groups [54]. As our study communities varied 
considerably in size, we tested for potential correlations 
between communities' mean P adU | t , P ad0 , and P imma , and mean 
numbers of adult and adolescent individuals per social group, 
respectively, using exact Spearman rank correlations. These 
were conducted using an R-function written by R. Mundry. 

Adult survivorship 

Species differences in the survival probabilities of mature 
individuals are a potential source of variation in co-residency 
frequencies within groups. We thus explored female as well as 
male survivorship among adolescent and adult bonobos and 
chimpanzees. As appropriate data stemming from wild 



bonobos are currently not available, we turned to studbook 
records of captive bonobos ([33], current as of 2007) and 
captive chimpanzees ([34], current as of 2006). Only 
individuals with known dates of birth, death (if applicable), and 
status (alive or dead) at the end of the studbook study period 
(01.01.2007 for bonobos, 31.12.2006 for chimpanzees) where 
considered. We used exact birth and death dates whenever 
possible. If birth or death dates of individuals were known only 
to the month, we set the date to the 15 th of that month. When 
comparing both species we further excluded chimpanzees that 
were born more than five years before the first bonobo female 
or male, respectively, to ensure that conditions of keeping and 
veterinary services were as compatible as possible. As we 
were interested in the survival of potentially reproducing 
individuals, we included only individuals that had reached the 
age of 9, the minimum age at which females of both species 
have been reported to give birth [55]. Nine was thus the 
starting age in the analysis, with all individuals starting with 
equal probabilities to survive. 

To determine which factors predict survival, we used a Cox 
mixed-effects model (package 'coxme' in R, [56,57]) on 
females and males separately for each species ( Model I ) and 
separately on either females or males of both species ( Model 
11). The response variable was the hazard function, the death 
rate at time t conditional on survival until time f. We included 
the following predictor variables as fixed effects: 

Sex. To validate whether sex-differences in survival among 
captive individuals reflect the pattern expected or observed in 
the wild [32], we included this variable into Model I. 

Species. As our objective was to examine differences in 
survival between bonobos and chimpanzee, we included this 
variable into Model M. 

Location status. Although from the records no deaths were 
attributable to biomedical research, we controlled for the 
potential detrimental effects of being temporarily housed in a 
research facility by including a binary variable defining two 
types of rearing conditions: (1) always housed in zoological, 
non-research institutions, or (2) having spent at least some 
time in biomedical or private facilities. 

Birth. Pregnancy, parturition and lactation may affect female 
survival [50]. Therefore, in the analysis of female survival in 
Model M, we incorporated the number of births given as time- 
dependent variable by creating separate time intervals for 
subsequent birth events. 

Transfer. Transfers between different locations (i.e., when 
being captured or when being moved between zoological 
institutions) are most likely stressful events with potential 
impact on the survival of an individual. We incorporated 
Transfer as time-dependent variable in the same manner as 
birth. 

Entry age. We also controlled for the age of individuals at 
which the time-dependent events of giving birth or being 
transferred occurred. 

Individual identity was incorporated as a random effect. 
Sample size for bonobos in terms of individuals and deaths 
observed was small as compared to chimpanzees. We 
therefore did not examine P - values for all co-variates from 
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Figure 1. Probabilities of co-residence with mothers and grandmothers in bonobo and chimpanzee groups. Probabilities of 
(A) adolescent and adult male co-residency with their mother and (B) offspring co-residency with their paternal grandmother in 
social groups of free-living bonobos and chimpanzees. (A) When comparing both species, adult bonobo males had higher 
probabilities to live together with their mothers as compared to chimpanzees. No adolescent male was present in TaT Middle during 
our study period. (B) Estimated from all offspring with determined paternity, bonobo offspring had a higher chance to co-reside with 
their paternal grandmothers than observed in chimpanzees. *P— value from Mann-Whitney U-test < 0.05. 

doi: 10.1371/journal.pone.0083870.g001 



the Cox model, but examined whether female and male 
survival ( Model I ) or bonobo and chimpanzee survival ( Model 
M) differed by permuting the Sex or Species assignment to 
individuals 1000 times, including the original data set as one 
permutation [58]. 

The survivorship function describing the probability of 
surviving discrete time intervals was plotted for each model 
from the original data without controlling for co-variates 
(package 'survival' in R, [59]). To illustrate how survival among 
captive chimpanzees relates to estimates from free-living 
populations, we also plotted the survival curve from the 
synthetic life table of wild chimpanzees published by [32] 
alongside our estimate of captive chimpanzee survival. 

Results 

Parentage assignment 

We assessed the parentage of 18 bonobos and 51 
chimpanzees, and of these attributed mothers to 15 bonobos 
and 45 chimpanzees (Table S1). This includes maternity 
assignment for six bonobo and ten chimpanzee males that 
were adolescent or adult during the study period. Maternal 
relationships inferred from behavioral observations were 
confirmed for all genotyped individuals who were observed as 
infants or juveniles. Fathers were determined for five LuiKotale 
bonobo and 30 TaT chimpanzee offspring (Table S1). 

All non-assigned candidate parents present during the study 
period were excluded by at least two mismatches to the 
genotypes of the individual under investigation (range 2 - 8), 
and individual probabilities of excluding non-parents were close 
to 1 (0.98419 - 1). All but one assignment met the 99% 



confidence criterion, and in this single case the 95% 
confidence criterion was met (Table S1). In total, five individual 
mismatches between an offspring and an assigned parent 
(three times between sire and offspring, two times between 
mother and offspring; see Table S1 for more detailed 
information) were observed, most likely due to germ line 
mutations [60]. 

Quantifying the presence of mothers and grandmothers 

Adult male bonobos had a higher probability to co-reside with 
their mothers (0.50, N mates = 18) than did adult male 
chimpanzees (0.26, N ma , es = 71; Mann-Whitney U-test: U = 
458, P = 0.030; see Figure 1A for mean P adu , t per social group). 
Although adolescent bonobo males had a higher probability to 
co-reside with their mothers compared to adolescent male 
chimpanzees (bonobo: 0.86, N mates = 7; chimpanzee: 0.66, 
N ma ies = 43; see Figure 1A for mean P ad0 | per social group), this 
difference was not statistically significant (Mann-Whitney Li- 
test: U = 118, P = 0.276). Within each species, the mean 
fraction of males co-residing with mothers did not differ among 
social groups (adult bonobos: Kruskal-Wallis H-test: x 2 = 
0.618, df = 2, P = 0.734; adult chimpanzees: x 2 = 5.224, df = 4, 
P = 0.265; adolescent bonobos: x 2 = 0.750, df = 2, P = 0.687; 
adolescent chimpanzees: x 2 = 4.570, df = 3, P = 0.206; see 
Table 1 for mean number of males per social group). 

Immature males and females were more likely to possess a 
living paternal grandmother in bonobos (0.63, N offspring = 12) 
than in chimpanzees (0.19, N offspring = 114; Mann-Whitney Li- 
test: U = 337, P < 0.001; see Figure 1B for mean P immat per 
social group). Again, there were no differences among social 
groups within species (bonobos: Mann-Whitney U-test: U = 8, 
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Figure 2. Female and male survivorship in captive bonobos and chimpanzees. The survivorship function is the probability of 
surviving discrete time intervals. (A) Adult captive bonobo females had significantly higher rates of survival than captive chimpanzee 
females (P - value from permutation procedure = 0.011). (B) Among adult males, bonobos showed only a trend to survive better 
then chimpanzees (P- value from permutation procedure = 0.060). 

doi: 10.1371/journal.pone.0083870.g002 



P = 0.104; chimpanzees: x 2 = 2.707, df = 3, P = 0.439; see 
Table 1 for mean number of immatures per social group). 

We found very similar results even when we excluded the 
three chimpanzee groups (TaT Middle, TaT South and Gombe) 
that had experienced anthropogenically induced population 
declines. The probability of mature males to have a mother in 
the group was higher in bonobos than chimpanzees, with this 
difference achieving statistical significance for adults (bonobos: 
P adult = 0.50, N males = 18; chimpanzees: P adult = 0.26, N males = 51; 
Mann-Whitney U-test: U = 330.5, P = 0.044) but not for 
adolescents (bonobos: P ad0 , = 0.86, N ma | es = 7; chimpanzees: 
P adol = 0.69, N males = 31 ; Mann-Whitney U-test: U = 87.5, P = 
0.334). Also, the probability of immatures to co-reside with their 
paternal grandmother was significantly higher in bonobos as 
compared to chimpanzees (bonobos: P imma , = 0.63, N ma , es = 12; 
chimpanzees: P immat = 0.17, N ma , es = 81; Mann-Whitney U-test: 
U = 223.5, P = < 0.001). 

Neither the probability of males co-residing with mothers nor 
the probability of immatures co-residing with grandmothers was 
correlated with the average numbers of adult and adolescent 
individuals present in the social group (Spearman's rank 
correlations; adult males: p = -0.452, N groups = 8, P = 0.267; 
adolescent males: p = -0.148, N groups = 7, P = 0.781; 
immatures: p = -0.657, N groups = 6, P = 0.175). 



Adult survival in captive populations 

Captive adult female bonobos experienced higher survival 
than did captive adult female chimpanzees (P = 0.011; Figure 
2A, Table 2). Similarly, captive male bonobos tended to survive 
better than captive male chimpanzees, but here the difference 
showed only a trend towards statistical significance (P = 0.060; 
Figure 2B, Table 2). 

In chimpanzees, captive adult females experienced higher 
survival than males (P = 0.001; Figure S1B, Table S2). 
Females also tended to have higher survival than males in 
bonobos, but the difference was not statistically significant (P = 
0.081; Figure S1A, Table S2). Although the different forms of 
data make direct comparisons untenable, it appears that as 
expected captive chimpanzees have higher survival than those 
in the wild, and under both settings females experience higher 
survival than males (illustrated in Figure S1B). 

Discussion 

In a comparison of social group composition in wild 
chimpanzees and bonobos, two closely related male philopatric 
primates, we found an increased probability of co-residence of 
adult males with their mothers and of co-residence of 
immatures with their paternal grandmothers, in bonobos 
compared to chimpanzees. Analyzing studbook records from 
captivity, we found that higher survival, particularly among 
bonobo females, could explain these findings. 
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Table 2. Results from a Cox mixed-effects model 
examining survival in captive female and male bonobos and 
chimpanzees. 







Estimate* 


Std. Error 


z 


P- value 


Female survival 


Location status 


-0.03 


0.32 


-0.09 




Species** 


1.17 


0.63 


1.84 


0.011 


Birth 


0.05 


0.13 


0.38 




Transfer 


-0.08 


0.07 


-1.11 




Entry age 


-0.07 


0.02 


-3.30 




Male survival 


Location status 


-0.01 


0.17 


-0.06 




Species*** 


0.44 


0.30 


1.48 


0.060 


Transfer 


0.03 


0.07 


0.44 




Entry age 


-0.06 


0.02 


-3.43 





Species (chimpanzee female; bonobo female), Location status (permanently 
housed in zoological facilities; non-permanently housed in zoological facilities), 
Birth (number and timing of individuals' giving birth; only in the female model), 
Transfer (number and timing of individuals' transfers between locations) and Entry 
age (age of individuals when entering each time interval between subsequent 
transfers or, for females, transfers and births) were included as fixed (the three 
latter ones time-dependent) effects. A P - value for Species was derived from a 
permutation procedure. 

*Estimate of the regression coefficient. **Samples sizes: bonobo = 329, bonobo 
deaths = 11; chimpanzee = 2378, chimpanzee deaths = 263. ***Samples sizes: 
bonobo =129, bonobo deaths = 16; chimpanzee = 768, chimpanzee deaths = 191. 
doi: 10.1371/journal.pone.0083870.t002 

Adult male bonobos were significantly more likely to co- 
reside with their mothers than were adult male chimpanzees 
(Figure 1A). Also, immature bonobo females and males lived 
significantly more often in the presence of their paternal 
grandmother than did immature chimpanzees (Figure 1B). We 
did not find significant differences in patterns of co-residence 
among social groups within each species, although variation 
was large (Figure 1). Patterns of co-residence were 
independent of the size of the social group. Our examination of 
records on captive animals showed that female bonobos of 
reproductive age had a higher survival rate than chimpanzee 
females (Figure 2A, Table 2), and suggested a trend to higher 
survival among adolescent and adult bonobo males compared 
to chimpanzees males (Figure 2B, Table 2). The small number 
of individuals that had already reached an old age in bonobos 
(i.e., above 30 years) prevented quantitative analysis of life 
expectancy. Yet, our results suggest that in chimpanzees fewer 
individuals, particularly females, reach older ages and are thus 
less often present for an extended period of a son's 
reproductive life. 

Co-residence with the mother has been shown to be 
advantageous in several matrilocal cercopithecine primates, 
where mothers might be present during extended periods of 
their daughters' reproductive lives [10] and females can gain 
higher reproductive success if their mothers are present 
[10,61-63]. Similarly, sons who associate strongly with their 
mothers in the patrilocal egalitarian northern Muriqui new world 
monkeys are among the most reproductively successful males 



[64]. Social dominance has a large effect on chimpanzee male 
reproductive success, and short-term reproduction is skewed 
[29,49,51]. The most successful sires also have a high social 
status in the Lomako bonobos [20], and male dominance ranks 
translate into mating success in the LuiKotale bonobo group 
[28]. In the Wamba bonobo group, the presence of dominant 
mothers may help to increase the dominance rank of their sons 
[25,26]. Behavioral evidence from LuiKotale further indicates 
that mothers exert a positive effect on their sons' mating 
success and reduce the influence of male dominance upon 
mating. Together, these results suggest that female bonobos 
can effectively compete for indirect fitness benefits by 
increasing their sons' reproduction [25,28]. Considering that the 
oldest male in our data set that co-resided with his mother was 
a bonobo, estimated to be 27-34 years of age during the study 
period [65], a high incidence of maternal presence at least in 
this species could render maternal support an important factor 
in male mate competition. How mating translates into 
reproductive success of males in bonobos as compared to 
chimpanzees remains to be tested in future studies. This 
highlights the importance of the collection of long-term group 
composition and relatedness data on Pan for elucidating the 
impact of mothers on their offspring's reproductive strategies. 

A higher incidence of mother-son co-residence in bonobos 
as compared to chimpanzees might also be related to 
differences in cognitive development. While maternal presence 
in bonobos has been shown to positively affect a juvenile son's 
development of socio-emotional competence [66], studies by 
Wobber and colleagues indicate that certain facets of bonobo 
psychology are developmentally delayed compared to 
chimpanzees [67,68], and that this in turn may be related to 
higher tolerance in bonobos than chimpanzees [69]. 
Furthermore, male bonobos react to social challenges in a less 
status-striving way than do male chimpanzees [70], which 
might be important for the persistence of strong mother-son 
bonds into the adulthood of the sons. While the self- 
domestication hypothesis links changes in the cognitive 
development of bonobos to selection against aggression [71], 
further studies will be required to address the interplay between 
these long-lasting bonds in bonobos and the underlying 
psychology of the species. 

The higher rates of survival among sexually mature female 
bonobos than female chimpanzees found here might contribute 
to explaining a higher availability of mothers to adult male 
bonobos in the wild. Adult survivorship in nature is likely 
constrained by a variety of factors that may have differentiated 
effects on females and males, including resource abundance, 
population density and predation [13,72]. Thus conclusions on 
survivorship drawn from data from captivity should be regarded 
with caution and would benefit by validation using data from the 
wild, once those become available. Nevertheless, adapted, 
physiological determinants of life span can result in congruent 
patterns under both wild and captive living conditions [73]. In 
line with this argument, although chimpanzees in captivity 
experience overall lower rates of early adult mortality as 
compared to natural populations, in both wild and captive 
populations adult mortality is higher and senescence is more 
rapid as compared to traditional human societies [32,74]. The 
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captive data used in this study are from bonobos and 
chimpanzees that should experience a high degree of health 
care (medical facilities and private pet traders were excluded 
from the analysis) and no food limitations. Such conditions may 
be expected to attenuate or mask differences in adult 
survivorship. Yet females in both species appeared to have 
higher rates of age specific survival than males (Figure S1, 
Table S2). This is consistent with previous reports from the wild 
and a captive chimpanzee study [32,36], and the expected 
pattern under the polygynous mating system of both species 
[75]. While a direct comparison of survival of individuals living 
in different conditions (captive versus wild) is inappropriate, a 
comparison under similar conditions has the potential to 
provide insights into biological differences between species. 
Accordingly, the significant difference in adult female 
survivorship between bonobos and chimpanzees found here 
seems a plausible explanation for the high frequency of adult 
male co-residency with their mothers in wild bonobo but not in 
wild chimpanzee communities. 

There are several possible explanations for why female 
bonobos live longer than female chimpanzees. One is 
suggested by classical theories of inter-specific variation in 
longevity, which predict that species that experience low 
mortality rates from external factors such as predation will 
evolve a later onset of senescence [76,77]. Gregariousness in 
primates is regarded as strategy to reduce predation pressure 
[6,52]. Female bonobos have been proposed to be more 
gregarious than female chimpanzees [78], although variation 
among chimpanzees throughout their range is large [79]. 
Higher gregariousness in bonobo females might have reduced 
extrinsic mortality from predation, resulting in stronger selection 
for a longer life as compared to chimpanzee females. 

Higher survival of female bonobos compared to female 
chimpanzees, by translating into higher indirect fitness benefits 
for females due to a bigger effect on their sons' reproductive 
success, could explain the species difference in co-residency 
of male and female immatures and grandmothers. Bonobo 
immatures were, on average, more than three times more likely 
to co-reside with their paternal grandmothers as compared to 
chimpanzee offspring in our study (with an average frequency 
of 0.63 in bonobos versus 0.19 in chimpanzees). In humans, 
grandmaternal provisioning and care towards grandoffspring 
can enhance the survival of children, thereby increasing a 
grandmother's indirect fitness (e.g. Ethiopia: [80], The Gambia: 
[81]) and presumably shaping the evolution of female life 
history (grandmother hypothesis, [82]). Such grandmaternal 
behavior is usually directed towards the offspring of daughters 
in humans ([7], but see 83) and also exists in some matrilocal 
cercopithecine primates [10,84,85]. While there is an ongoing 
debate whether paternal grandmothers recognize their 
grandoffspring in species with a promiscuous mating system 
([86], but see 87) western chimpanzee sires tend to play more 
frequently with their own offspring [88]. And while paternal care 
has not been shown in East African chimpanzees, in at least 
one social group males are more likely to associate with and 
have similar ranging patterns to females with whom they have 
produced offspring [27]. In addition, captive chimpanzees 
perceive similarities in the faces of related but unfamiliar 



individuals, giving evidence for visual kin recognition in this 
species [89]. This suggests that, as in other primates living in 
multi-male, multi-female groups [11,90], there are mechanisms 
of paternal kin recognition in the genus Pan, which are a 
prerequisite for paternal grandmaternal investment. Both 
bonobo and chimpanzee females do provide benefits to their 
own immature offspring by sharing plant food (summarized in 
[91]), but only bonobo females provision the young of other 
females by offering orally or manually processed high priced 
food items such as fruit and meat [91 ,92]. This hints that there 
might be some potential for grandmaternal care in bonobos, 
but in the absence of data on differentiated grandmaternal 
behavior (e.g. playing, food sharing, grooming) towards 
offspring and grandoffspring, the discussion of a potentially 
adaptive value of such behavior remains rather speculative. 
Interestingly, limited data from wild populations of both species 
indicate that overall infant mortality may be substantially lower 
in bonobos [55], but thus far information on whether 
grandmother presence improves infant survival (as observed in 
humans) is not available. 

In sum, higher survival, particularly among females, possibly 
contributes to the increased frequency of co-residence of wild 
adult males with their mothers and of co-residence of 
immatures with their paternal grandmothers, in bonobos 
compared to chimpanzees. Our results suggest that 
fundamental aspects of life history such as differences in 
survival between closely related species can indeed become 
apparent under a controlled captive setting and merit further 
scrutiny in natural populations, once those data become 
available for bonobos. In the light of results from behavioral 
studies on agonistic support by mothers of mating attempts of 
their sons and food sharing with immatures by females, our 
results suggest that bonobos may show adaptations in life 
history traits that allow for a higher degree of maternal and 
grandmaternal support than in chimpanzees. 

Supporting Information 

Figure S1. (A) Bonobo and (B) chimpanzee survivorship 
among captive females and males. In (B), for comparison, 
survivorship rates of wild chimpanzees published previously 
[32]are drawn in grey. In both species, captive females had 
higher rates of survival than captive males, however the 
difference was statistically significant only in chimpanzees (P - 
value from permutation procedure = 0.001), but not among 
bonobos (P- value from permutation procedure = 0.081). 
(TIF) 

Table S1. Parentage assignments in the free-living 
LuiKotale Bompusa bonobo group and the TaV Middle and 
South Western chimpanzee groups. Parentage was 
determined from genotypes comprised of 19 autosomal loci. As 
our chimpanzee study spans several years, the age class of an 
individual might have changed over time. Maternal 
relationships known from behavior were confirmed in all infants 
and juveniles. All but one assignment met the 99% confidence 
criterion (see footnote). Females are written in capitals, n.a., 
not assigned. 
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1 Reported only for male offspring being adolescent or adult in 
study period 2 ; Reported for parent - pair comparisons with 
confirmed or assigned mother 3 ; One adolescent female and 
two juveniles were not genotyped 4 ; One mismatch (1 base pair 
indel common in that population) to assigned sire 5 ; One 
mismatch to mother at heterozygous locus (both alleles differ, 
one allele with one repeat unit difference to maternal allele), in 
triadic comparison with potential sires one mismatch to the 
assigned sire at heterozygous locus (one repeat unit difference 
to one paternal allele) 6 ; Paternity assigned at 95% confidence 
level 7 ; In triadic comparison one mismatch to the assigned sire 
at heterozygous locus (one repeat unit difference) 8 ; One 
mismatch to mother at heterozygous locus (both alleles differ, 
one allele with one repeat unit difference to maternal allele). 
(DOCX) 

Table S2. Results from a Cox mixed-effects model 
examining survival in captive female and male bonobos 
and chimpanzees. Sex (female; male), Location status 
(permanently housed in zoological facilities; non-permanently 
housed in zoological facilities), Transfer (number and timing of 
individuals' transfers between locations) and Entry age (age of 
individuals when entering each time interval between 
subsequent transfers) were included as fixed effects (the two 
latter time-dependent). A P - value for Sex was derived from a 
permutation procedure. 

'Estimate of the regression coefficient. "Samples sizes: 
female = 329, female deaths = 11; male = 129, male 
deaths=16. ***Samples sizes: female = 2427, female deaths = 
287; male = 811, male deaths = 220. 
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